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(54) BLOOD PLASMA OR BLOOD SERUM SEPARATION FILTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a blood plasma 
or blood serum separation filter including an ultra-thin 
fiber assembly and having excellent performance in 
which blood plasma or blood serum can be easily, 
speedily, and safety separated at a similar thickness to 
that in total blood from a small quantity of blood without 
damaging hemocyte components in blood. 
SOLUTION: An ultra-thin fiber assembly 3 is installed in 
a container 4 having an entrance 1 and an exit 2 V blood 
is moved in by pressure difference between the 
entrance 1 and the exit 2 in the ultra-thin fiber assembly 
3, and blood plasma or serum is separated from 
hemocyte by use of moving speed difference to be 
sampled between the plasma or serum and the 
hemocyte in the ultra-thin fiber assembly. In this case, 
the ultra-thin fiber assembly 3 comprises nonwoven 
fabric comprising ultra-thin fibers of an average fiber 
diameter of 0.5-3.5 IJL m, and an average hydraulic radius 
of 0.5-3.0 ii m, or a plurality of sheets of the nonwoven 

fabric, a thickness of a hemocyte separating layer is 5mm or more, and a flow direction of blood 
is horizontal to the surface of the nonwoven fabric. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]Equip with a super-thin fiber aggregate a container which has an entrance and an exit, 
move blood in this super-thin fiber aggregate according to a pressure differential between 
entrances, and a movement speed difference in super-thin textiles of plasma or a blood serum, 
and a corpuscle is used, In plasma or a blood serum separation filter which carries out separation 
extraction of plasma or the blood serum with a corpuscle. This super-thin fiber aggregate 
consists of what piled up two or more nonwoven fabric independent or these nonwoven fabrics 
which consist of with a mean fiber diameter of 0.5-3.5 micrometers, and an average hydraulic 
radius of 0.5-3.0 micrometers super-thin textiles, Plasma or a blood serum separation filter in 
which the length of a corpuscle detached core is not less than 5 mm, and a flow direction of 
blood is characterized by a horizontal thing to a field of a nonwoven fabric. 
[Claim 2]The plasma according to claim 1 or a blood serum separation filter in which super-thin 
textiles consist of polyester, polypropylene, polyamide, or polyethylene. 

[Claim 3]The plasma according to claim 1 or 2 or a blood serum separation filter which shape of 
a super-thin fiber aggregate is disc-like, and blood flows toward the central part from a 
peripheral part of a disk, and extracts plasma or a blood serum from the central part of a disk. 
[Claim 4] Plasma or a blood serum separation filter given in one paragraph of claims 1 thru/or 3 
by which a hydrophilization agent is fixed by the surface of super-thin textiles. 
[Claim 5]The plasma according to claim 4 or a blood serum separation filter whose 
hydrophilization agent is a polyvinyl pyrrolidone. 

[Claim 6]Plasma or a blood serum separation filter given in one paragraph of claims 1 thru/or 5 
whose differences of electrolytic concentration in extracted plasma or a blood serum and 
electrolytic concentration in plasma obtained by the usual centrifugal separation or a blood 
serum are less than 10%. 

[Claim 7]Plasma or a blood serum separation filter given in one paragraph of claims 1 thru/or 6 
quality of whole protein in plasma obtained by the usual centrifugal separation or a blood serum 
and whose differences of albumin concentration are less than 10% at the time of an end of early 
stages of extraction, and extraction. 

[Claim 8]Plasma or a blood serum separation filter given in one paragraph of claims 1 thru/or 7 
from which a super-thin fiber nonwoven fabric is obtained by the melt blowing method. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the filter which carries out separate recovery of 
plasma or the serum component out of blood. In more detail, when used for a clinical laboratory 
test etc., it is related with the plasma skimming filter in which a little blood can also obtain the 
high plasma or blood serum of purity promptly, and their operativity is also simple, their safety is 
high, and manufacture is still easier. 
[0002] 

[Description of the Prior Art]What is called biochemical inspection that measures the ingredient 
in blood was widely used for diagnosis and followup of various diseases, and occupies the status 
important as a clinical laboratory test. The analytical skills progress remarkably in recent years, 
and development of various automatic analysis apparatus can analyze [ many samples ] them 
now with sufficient accuracy promptly. 

[0003] However, in many fields of biochemical inspection, in order that existence of corpuscles, 
such as red corpuscles, may block an inspection, a blood serum or plasma is beforehand 
separated from blood, and it is used. Therefore, once solidifying the blood extracted from the 
patient or the test subject in advance of an inspection, it is necessary to centrifuge and to pass 
through the process in which a blood serum is obtained. Operation of coagulation and centrifugal 
separation required time, and it is taken it to to be not only a neck which bars short-timeHzation 
of a clinical laboratory test, but for there to be many places which have requested the clinical 
laboratory test from an external inspection contractor except for a comparatively big hospital, 
and to obtain an inspection result, since the large-sized centrifuge is required several days. 
Since it still depends for the work which separates a blood serum from blood on the help almost, 
a worker touches blood and is exposed also to fear, such as infection. 

[0004]The art generally called dry chemistry is known as a means to solve the above-mentioned 
problem. If a little blood is dropped at the small plate consisting of the blood serum detached 
core which consists of super-thin textiles filters, such as glass fiber, and the reaction layer 
located in the lower layer, a blood serum is separated in a blood serum detached core, and in the 
lower layer reaction layer, this will react, and it will color in it and it will measure this with a 
spectrophotometer. Although this dry chemistry is a simple method which does not use a 
liquefied color reagent and does not need the troublesome blood serum extraction by centrifugal 
separation, either, The number is restricted compared with the general biochemical analysis 
[ item ] using a liquid reagent and immunity analysis which can be measured, In order to use one 
inspection item for one plate and to inspect two or more items, many plates must be used, and it 
has not come to spread widely from that simple there are comparatively few time merits, an 
expensive thing, etc. 

[0005]As a method of obtaining without using centrifugal separation, plasma or a blood serum, 
The filtration cartridge which used the hollow fiber bunch for the method of separating plasma 
from blood, or JP.60-1 1 166.A is used by using as a filtering medium the fine tube shape filter 
element by which the end was blockaded by JP,53-72691,A, and the method of separating 
plasma from blood is proposed. 

[0006]However, in the former method, in order proteinic transmissivity is bad, and for filtration of 
plasma to take a long time extremely since a corpuscle adheres to a filter surface, and to make 
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[ and also ] filtration velocity quick conversely, when filtration pressure is made high, there are 
problems, such as producing hemolysis of red corpuscles. In the method which uses the filtration 
cartridge using the latter hollow fiber bunch. It has the problem that the plasma which it is 
required to work to wet a hollow fiber etc. and is obtained by pretreatment by priming, i.e., a 
physiological saline etc., as preparation of plasma skimming work will be diluted, or the work of 
preparation takes time and effort from the work of plasma skimming itself. 

[0007]Since the method by these membrane separation is a separation method by the difference 
in the molecular size of a corpuscle, and plasma and a blood serum, substances with a 
comparatively large molecular weight, such as protein in blood, cannot fully pass a film, but the 
presentation of each protein in the obtained plasma has a problem which does not reflect the 
presentation of the protein in the original blood correctly. If a membranous aperture is enlarged 
too much, there is a problem which red corpuscles cause blinding and hemolyze, and it has not 
resulted in utilization. 

[0008]Apart from the above, the blood serum for clinical laboratory tests or plasma skimming art 
is variously proposed using the fibrous filter. The solid-liquid-separation instrument which 
becomes JP,61-38608,A from the fiber which used the volume filtration effect is indicated. 
Although this solid-liquid-separation instrument can obtain plasma by pressurizing and pouring 
blood to a fiber, There is a problem that the protein concentration of the plasma in which it 
required several minutes by the time it obtained plasma, since pressure loss was large and 
resistance of a ** agent was strong, and the first stage was obtained falls by adsorption by a 
fiber, and it has not resulted in utilization. A poly acrylic ester derivative, the glass fiber 
containing a polyethylene glycol, the blood serum that consists of a lectin impregnation layer, or 
the separate recovery method of the plasma constituent is indicated by JP,4-208856,A. The 
blood serum and the plasma separator implement using the separation filter shown by JP,4- 
208856A are indicated by JP,5H 96620.A. 

[0009] Although these methods and instruments can extract the blood serum or plasma for 
clinical laboratory tests, without using centrifugal separation, there is little quantity of the blood 
serum and plasma obtained as 100microL order, and also time required for separation before or 
after 2 minutes, shortening is carried out compared with centrifugal separation — **** — it 
cannot say that it is enough, but further, such art uses glass fiber for the separating material, 
and has the fault of differing from the blood before the concentration of the electrolyte, Lynn, 
and lipid in the obtained plasma and the blood serum dissociating greatly, for adsorption for the 
elution and textiles from textiles. For this reason, such art has not come to spread widely, either. 

[0010]The actual condition is that a short time and the thing which has efficiently and safely 
performance sufficient as a filter of separating plasma and a serum component do not exist from 
a little blood as a clinical laboratory test use as explained above. 
[0011] 

[Problem(s) to be Solved by the Invention]This invention persons can separate simple, promptly, 
and safely from blood the plasma or the serum component which has the same component 
composition as the inside of blood, without damaging the corpuscle in blood. And the result 
which was attached to the separation mechanism of the constituent of blood by a super-thin 
fiber aggregate, and was variously examined in order to obtain plasma or a blood serum 
separation filter excellent in assembly nature, By optimizing the raw material of super-thin 
textiles, a mean fiber diameter and the size of a textiles interval part, corpuscle detached core 
length, the gestalt of super-thin textiles, the flow direction of blood, and the surface state of 
textiles, While making the movement speed of the red corpuscles and plasma which move in the 
inside of a super-thin fiber aggregate, or a blood serum produce a difference and separating and 
collecting the plasma or blood serum, and red corpuscles in blood, There is no change with time 
of the concentration of the electrolyte of the plasma which could process promptly by low 
pressure loss, and was obtained, or a blood serum, or protein, and it found out that it was 
possible to obtain plasma or a blood serum equivalent to the plasma or the blood serum obtained 
by the usual centrifugal separation. This invention is explained in detail below. 
[0012] 

[Means for Solving the Problem]That is, this invention provides plasma or a blood serum 
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separation filter of following ** thru/or **. 

** Equip with a super-thin fiber aggregate a container which has an entrance and an exit, move 
blood in this super-thin fiber aggregate according to a pressure differential between entrances, 
and a movement speed difference in super-thin textiles of plasma or a blood serum, and a 
corpuscle is used, In plasma or a blood serum separation filter which carries out separation 
extraction of plasma or the blood serum with a corpuscle, This super-thin fiber aggregate 
consists of what piled up two or more nonwoven fabric independent or these nonwoven fabrics 
which consist of with a mean fiber diameter of 0.5-3.5 micrometers, and an average hydraulic 
radius of 0.5-3.0 micrometers super-thin textiles, Plasma or a blood serum separation filter in 
which the length of a corpuscle detached core is not less than 5 mm, and a flow direction of 
blood is characterized by a horizontal thing to a field of a nonwoven fabric. 
** Plasma or a blood serum separation filter of the above-mentioned ** in which super-thin 
textiles consist of polyester, polypropylene, polyamide, or polyethylene. 

** Plasma or a blood serum separation filter of the above-mentioned ** which shape of a super- 
thin fiber aggregate is disc-like, and blood flows toward the central part from a peripheral part of 
a disk, and extracts plasma or a blood serum from the central part of a disk, or **. 
** One of plasma or blood serum separation filters of the above-mentioned ** thru/or ** in 
which a hydrophilization agent is fixed by the surface of super-thin textiles. 
** Plasma or a blood serum separation filter of the above-mentioned ** whose hydrophilization 
agent is a polyvinyl pyrrolidone. 

** One of plasma or blood serum separation filters of the above-mentioned ** thru/or ** whose 
difference of electrolytic concentration in extracted plasma or a blood serum and electrolytic 
concentration in plasma obtained by the usual centrifugal separation or a blood serum is less 
than 10%. 

** One of plasma or blood serum separation filters of the above-mentioned ** thru/or ** quality 
of whole protein in plasma obtained by the usual centrifugal separation or a blood serum and 
whose difference of albumin concentration are less than 10% at the time of an end of early 
stages of extraction, and extraction. 

** One of plasma or blood serum separation filters of the above-mentioned ** thru/or ** from 

which a super-thin fiber nonwoven fabric is obtained by the melt blowing method. 

[0013] 

[Embodiment of the Invention]The principle of the plasma or blood serum extraction by this 
invention is as stating below. That is, when blood moves in the inside of super-thin textiles, since 
the plasma and the blood serum whose corpuscle component is an acidity-or—alkalinity 
ingredient to movement speed falling with modification or frictional resistance move in a textiles 
gap, without receiving resistance, a difference arises in the movement speed of a corpuscle 
component, plasma, or a serum component By controlling a textiles gap and a fiber diameter and 
enlarging separation length enough so that modification when a corpuscle contacts super-thin 
textiles, and frictional resistance may be enlarged here, without getting a corpuscle clogged. The 
migration length difference of a corpuscle, plasma, or a blood serum can be enlarged, separation 
efficiency can be raised, and plasma or a blood serum can be extracted from blood. 
[0014]The blood in particular applied to this invention is not limited, and all the things containing 
a constituent of blood can be used for this invention. That is, anything, the origin of blood is 
good, and using blood as it is, additive agents, such as an anticoagulant and a hemagglutination 
agent, may be added and it may use Homo sapiens, a cow, a goat, a dog, a rabbit, etc. When it is 
usually neglected, without adding an additive agent to blood or a coagulant is added, fibrinogen 
changes to fibrin into blood and the coagulation of blood advances, but. Even if it uses such 
coagulability blood as they are, after adding processing of centrifugal separation etc., it may use, 
or chemical processing may be added and it may use. 

[0015]Its 0.5-3.5 micrometers are preferred, if it is 0.5-2.5 micrometers, it is more preferred, and 
especially if the mean fiber diameter of the super-thin textiles used for this invention is 0.5-2.0 
micrometers, it is preferred. 

[0016]In the above, the mean fiber diameter of super-thin textiles is the average value of the 
value which measured and asked for the path of 50 super-thin textiles selected out of the 
photograph which photoed the super-thin fiber aggregate with 2000 times as many electron 
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microscopes at random with slide calipers or a scale magnifying glass. 

[0017]Since the fiber length per unit volume of a super-thin fiber aggregate becomes short when 
a mean fiber diameter exceeds 3.5 micrometers, the confounding part of the textiles per unit 
volume and textiles decreases, and a textiles gap also becomes large. As a result, since the 
degree of the modification at the time of red corpuscles contacting textiles becomes small and 
the pass resistance of a textiles gap becomes small, the separation efficiency of plasma or a 
blood serum, and a corpuscle falls. 

[0018]Since it is difficult for a mean fiber diameter to obtain super-thin textiles of 0.5 
micrometer or less, and the textiles gap of a super-thin fiber aggregate becomes small too much 
further, and a corpuscle tends to cause blinding and the pressure loss of a super-thin fiber 
aggregate becomes large, hemolysis of red corpuscles takes place easily. 

[001 9]Since the number of the textiles per unit volume of a fiber aggregate increases, a textiles 
gap becomes narrow and a fiber surface product becomes large in this range so that a fiber 
diameter is small, Since penetration resistance of a corpuscle becomes large and the separation 
efficiency of a corpuscle, plasma, or a blood serum improves, the mean fiber diameter of super- 
thin textiles is more preferred if it is 0.5-2.5 micrometers, and especially if it is 0,5-2.0 
micrometers, it is preferred. 

[0020]The average hydraulic radius of the super-thin fiber aggregate used for this invention 
needs to be 0.5-3.0 micrometers, and is 0.5-2.0 micrometers still more preferably 0.5-2.5 
micrometers preferably. Here, when the gap of the aggregate of super-thin textiles is un-circular, 
it is expressed as a concept replaced with a diameter, and is defined as an average hydraulic 
radius as follows. 

The internal-surface product of the pipe which touches the capacity/fluid of the fluid of length = 
pipe Naka of the circumference of the cross-section area/pipe of an average hydraulic-radius = 
pipeline = surface area of the gap volume / super-thin textiles of a super-thin fiber aggregate 
[0021 ]A hydraulic radius is calculated by the following formula (1) in this invention. 
DH=Rx (rho-rm) / 4rm The average hydraulic radius R of the super-thin fiber aggregate of which 
(1) DH:wearing was done: Mean fiber diameter of super-thin textiles (micrometer) 

rho: Density (g/cm 3 ) rm of super-thin textiles : as shown in the mean bulk density (g/cm 3 ) type 
(1) of the aggregate of super-thin textiles with which it was equipped, The average hydraulic 
radius DH of the aggregate of super-thin textiles with which it was equipped is determined by R 
and rm when the super-thin textiles of the same raw material are used (when it is got blocked 
and rho is constant). When the above-mentioned average hydraulic radius exceeds 3.0 
micrometers, since a corpuscle becomes easy to pass through a textiles gap, as a result the 
movement speed difference of a blood serum becomes small, and a corpuscle and the plasma 
**** cannot separate plasma or a blood serum or their separation output decreases, it is not 
desirable. When an average hydraulic radius is less than 0.5 micrometer, if the textiles gap in a 
filter becomes narrow too much, a corpuscle component tends to cause blinding and blinding is 
caused further, erythrocyte membrane may be torn, hemolysis may be caused and it is not 
desirable. 

[0022]In the range of 0.5-3.0-micrometer average hydraulic radius, the permeability of plasma or 
a blood serum is not affected, the pass resistance of a corpuscle component becomes large, and 
separation efficiency becomes high, so that an average hydraulic radius is small. Therefore, 0.5- 
2.8 micrometers is 0.5-2.0 micrometers desirable especially preferably. 

[0023]The hydraulic radius of the super-thin fiber aggregate of this invention is crossed to the 
shaft orientations which result in the outlet side of plasma or a blood serum, is constant, and is 
acquired from the entrance side of blood, and may be changed by the portion of the aggregate of 
super-thin textiles. A hydraulic radius may be gradually made small toward the exit of permeate 
liquid from the entrance of blood. Separation efficiency with plasma, the corpuscle component 
near the exit of a blood serum and plasma, or a serum component may be made high by this. 
[0024]In this invention, when calling it an average hydraulic radius, it is a super-thin fiber 
aggregate in the state where the container which has an entrance and an exit was equipped, and 
the average hydraulic radius in the super-thin fiber aggregate which can participate in plasma or 
blood serum separation substantially is said. Therefore, since the super-thin fiber aggregate of a 
pre-filter or a substrate is not contributed to plasma or blood serum separation when a super- 
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thin fiber aggregate is used as a substrate, in order to bury a pre-filter and a blood channel, for 
example, the average hydraulic radius of the portion except this portion is said. 
[0025]the time of seeing the aggregate of the super-thin textiles equipped with this by the filter 
seen from another side as a whole — the above — it is shown that it may become an average 
hydraulic radius besides the desirable range, however, some aggregates of super-thin textiles in 
which it was equipped with plasma or a blood serum being separated in this case even if it is at 
least — the above — it is exactly that having an average hydraulic radius of the suitable range 
is shown. 

[0026]In this invention, the raw material of super-thin textiles has preferred polyester, 
polypropylene and polyamide, or polyethylene in which a substance with it is not eluted. [ good 
conformity with blood and ] [ harmful ] When contacting blood, they adsorb the ingredient of 
plasma or a blood serum, or some raw materials are not conversely eluted in plasma or a blood 
serum, and these raw materials are preferred. Since a metal ion would be eluted from glass fiber 
or Lynn and lipid would stick to glass fiber if the plasma or the blood serum separation filter 
using glass fiber is used as the paragraph of conventional technology described, these 
substances were not able to be measured. 

[0027]The method in particular of obtaining the super-thin fiber aggregate of said yarn diameter 
is not limited using polyester, polypropylene, polyamide, or polyethylene, and arbitrary known 
methods may be used. Especially the melt blowing method is preferred. 

[0028]The length of the corpuscle detached core in this invention is not less than 5 mm. The 
length of a corpuscle detached core means the length from the place where a super-thin fiber 
aggregate and blood contact to the place which blood (plasma or blood serum) leaves with a 
super-thin fiber aggregate. As mentioned above, this invention has separated a corpuscle, 
plasma, or a blood serum using the movement speed difference of the constituent of blood in a 
super-thin fiber aggregate. Blood is moved in a super-thin fiber aggregate by performing 
simultaneously the application of pressure from the entrance side of a corpuscle detached core, 
the decompression from an outlet side, or both. At this time, a corpuscle component repeats 
super-thin textiles and a collision for the gap of super-thin textiles. Since the leucocytes and 
the blood platelets with adhesiveness stick to super-thin textiles and red corpuscles do not have 
adhesiveness, it moves repeating modification. On the other hand, since plasma or a blood serum 
is an acidity-or-alkalinity ingredient, it moves in the inside of super-thin textiles earlier than red 
corpuscles, and arrives at an exit early. At this time, since it becomes sufficient difference for 
the migration length of a corpuscle, plasma, or a blood serum does not arise that the length of a 
corpuscle detached core is less than 5 mm, but insufficient both dissociating, it is not desirable. 
The separation efficiency of a corpuscle, plasma, or a blood serum becomes high so that the 
length of a corpuscle detached core is long, but it is another side and pressure loss becomes 
large. Or the problem that the required amount of filters and blood volume increase arises. 
Therefore, although the length of a blood separation layer is determined by the limit etc. of the 
plasma to need or the amount of blood serums, the blood volume to be used, and the size of a 
filter, theoretical upper limit does not exist. The length of a desirable blood separation layer is 
about 1 5-50 mm. 

[Q029]In this invention, the aggregate of super-thin textiles says the state where super-thin 
textiles gathered irregularly. This state may be acquired by being independent, combining the 
super-thin textiles of curdy, nonwoven fabric state, the shape of textile fabrics, and the shape of 
knitted fabric, for example, for example, compressing them. The super-thin textiles with which a 
filter is equipped are nonwoven fabric state preferably from a point of moldability, processability, 
the ease of handling, and channeling after molding and the difficulty of happening of channeling. 
This is because in homogeneity partial roughness and fineness are not made easily and the flow 
of blood becomes is easy to be maintained uniformly, when a filter case is filled up with a super- 
thin fiber aggregate. 

[0030]In this invention, in one sheet, the nonwoven fabric used although it is preferred to use a 
nonwoven fabric as a filter can use two or more sheets in piles, when thickness is insufficient, 
but it is preferred that blood flows horizontally to the field (lamination side) of a nonwoven fabric. 
When using a nonwoven fabric as a filter generally, the flow direction of treating fluid is 
perpendicularly carried out to the field (lamination side) of a nonwoven fabric. However, in this 
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invention, the separation efficiency of a corpuscle, plasma, or a serum component improves by 
making blood flow horizontally to the field of a nonwoven fabric. If blood is horizontally poured to 
the plane direction of a nonwoven fabric, when blood flows from an entrance to an exit, it will 
think to migrate to all the channel length, and for there to be no break of super-thin textiles, 
therefore for the homogeneity of the flow of blood to improve, but it is not limited to this reason. 

[0031] As for the shape of a filter, in this invention, rectangular parallelepiped shape, discoid, 
cylindrical shape, truncated cone form, the shape of fanning, etc. are raised. For example, there 
is a method of pouring blood from one end face of a rectangular parallelepiped to the end face of 
another side, or forming disc-like, pouring blood toward a center from the surrounding surface, 
and extracting plasma or a blood serum from the central part. It not only presses a nonwoven 
fabric, but by using a disc-like container, it can carry out the seal of the filter. Therefore, 
especially since it becomes unnecessary to use adhesives, it is desirable. 

[0032]That by which the hydrophilization agent was fixed by super-thin textiles is also used for 
this invention. Immobilization of a hydrophilization agent may be performed physically or 
chemically. The compatibility of super-thin textiles and blood increases by fixing a 
hydrophilization agent in a fiber surface. Therefore, when dividing blood into a corpuscle, plasma, 
or a blood serum, pressure loss declines and a separation rate may be brought forward. If 
analysis is not blocked as a hydrophilization agent even if it mixes in plasma or a blood serum, a 
polyvinyl pyrrolidone is preferred although not limited in particular. Since the molecular weight of 
a polyvinyl pyrrolidone is comparatively large, although its rate of dissolution is comparatively 
slow, it is eluted in blood. However, analysis of a constituent of blood is not influenced. The fixing 
method in particular of a polyvinyl pyrrolidone is not limited, but a publicly known method may be 
used. For example, it is physically fixable in a fiber surface easily by drying, after dipping a super- 
thin fiber aggregate in the solution of a polyvinyl pyrrolidone. Polyvinyl pyrrolidones may be made 
for such a polyvinyl pyrrolidone to construct a bridge easily heat-treatment and by carrying out 
radiation treatment. By constructing a bridge, since elution of the polyvinyl pyrrolidone to the 
inside of blood can be suppressed low, it is still more desirable. 

[0033]When heat-treating, the method in particular is not limited. For example, the method of 
heating under application of pressure like autoclave processing or the method of neglecting it in 
a thermostat is mentioned. Although the temperature in particular of heat-treatment is not 
limited, either, not less than 70 ** is preferred, and not less than 100 ** is still more preferred. 
Its efficiency of bridge construction improves, so that cooking temperature is high. Although 
upper limit temperature is not uniquely decided by the character of super-thin textiles to use, 
the heat resistance of the polyvinyl pyrrolidone itself, etc., its 200 ** or less is preferred, and its 
150 ** or less is still more preferred. Cooking time's longer one is preferred in order to fully 
construct a bridge, but restriction is received from the character of super^thin textiles to use, 
and the field of the denaturation of a polyvinyl pyrrolidone. Generally, 2 or less hours is preferred 
20 minutes or more. Bridge construction by heating may be performed also in any the case (WET 
state) where super-thin textiles have immersed in the hydrophilization agent solution, or at the 
time of drying after immersion (DRY state). In the case of which, a polyvinyl pyrrolidone may be 
fixed by super-thin textiles. An unreacted polyvinyl pyrrolidone may be removed by washing with 
water. 

[0034]The method in particular of fixing a hydrophilization agent using radiation is not limited, 
either. For example, gamma irradiation, electron beam irradiation, corona discharge, etc. are 
mentioned. The thickness which can be processed, and the field of operativity to gamma 
irradiation is preferred. It will not be limited for a dose especially if a polyvinyl pyrrolidone is a 
dose over which a bridge is fully constructed. Ten or more KGy and 50 KGy or less are preferred 
as a range which does not cause the denaturation of the super-thin fibrin material by radiation 
irradiation, or the polyvinyl pyrrolidone itself. Radiation irradiation may be performed in the state 
of a WET state or DRY. An unreacted polyvinyl pyrrolidone may be removed by backwashing by 
water etc. 

[0035]The thing of various molecular weights comes to hand, and it deals in a polyvinyl 
pyrrolidone. In order to avoid elution into blood, especially the thing for which the thing of a large 
molecular weight is used is preferred. 
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[0036]The mean bulk densities of the aggregate of super-thin textiles which is used for this 

invention and with which it was equipped are 0.15-0.60g / cm 3 preferably, are 0.18-0.50g / cm 3 

still more preferably, and are 0.25-0.40g / cm 3 especially preferably. Here, the mean bulk density 
of the aggregate of super-thin textiles means the value which **(ed) weight of the aggregate of 
super-thin textiles to the capacity of the aggregate of super-thin textiles. When mean bulk 

density is lower than 0.1 5g / cm 3 , since the difference with the mean bulk density (in for 

example, the case of a melt blow spinning method 0.08-0.1 Og / cm 3 ) immediately after spinning 
going up of a super-thin fiber aggregate is small, the compression ratio of a super-thin fiber 
aggregate becomes small. Therefore, in the aggregate of super-thin textiles with which it was 
equipped, it is easy to generate roughness and fineness selectively, and nonuniformrty may arise 
in the transit rate of blood. Since the textiles gap is large on the average, separation with blood, 
plasma, or a blood serum becomes insufficient. 

[0037]When the mean bulk density of the aggregate of super-thin textiles with which it was 

equipped is larger than 0.60g / cm 3 , processes, such as special heating compression, are needed 
for manufacture of the aggregate of super-thin textiles, and a forming-by-compression process 
becomes complicated. Since the textiles gap of the aggregate of super-thin textiles with which it 
was equipped becomes small, a corpuscle component tends to cause blinding in a filter, and 
since the pressure loss at the time of blood passing the aggregate of super-thin textiles 
becomes large, hemolysis of red corpuscles takes place easily. In the range of the mean bulk 

density of 0.15-0.60g / cm 3 , the uniformity coefficient of a super-thin fiber aggregate improves 
more by enlarging mean bulk density. On the other hand, since processability falls, it is 0.18- 

0.50g / cm 3 preferably, and is 0.25-0.40g / cm 3 especially preferably. 
[0038]The bulk density of the aggregate of super-thin textiles with which the filter of this 
invention is equipped may be changed selectively. For example, bulk density of the aggregate of 
super-thin textiles with which it was equipped toward the exit from the entrance of the 
container of a filter can be enlarged gradually. Separability with a corpuscle, plasma, or a blood 
serum improves as a constituent of blood will move toward an exit, if it does in this way. 
[0039]The ratios (ratio of length to diameter) of corpuscle detached core length (L) to the 
passage diameter (D) of the constituent of blood of the aggregate of super-thin textiles with 
which the filter of this invention is equipped are 0.15—6. It is 0.25—4 preferably and is 0.5 — 2 
especially preferably. Even if ratio of length to diameter is within the limits of the above here, 
corpuscle detached core length is required not less than 5 mm. 

[0040]Here, the passage diameter (D) of a constituent of blood means the circle equivalent 
diameter of the cross-section area of the aggregate of the super-thin textiles of the blood inlet 
part which makes the direction and perpendicular direction of channel length. Since the passage 
diameter is large and nonuniformity is produced in the transverse direction of the movement 
speed of each ingredient in blood to corpuscle detached core length when ratio of length to 
diameter is smaller than 0.15, dissociating of a corpuscle component and a plasma constituent 
becomes insufficient, and it is not desirable. When ratio of length to diameter is larger than six, 
separation efficiency increases, but. Since migration length becomes long, the pressure loss at 
the time of blood flowing increases, and are easy to produce hemolysis of red corpuscles, and 
since the inlet section cross-section area of a filter is small, Since the ratio of the blood which 
the blood supplied to the filter is inner-separated and is contributed to plasma or blood serum 
extraction falls and separation efficiency falls, it is not desirable. 

[0041 ]It asks for a circle equivalent diameter with a following formula from a cross-section area 
(A). 

Although it has the small unevenness which is D=2(A/pi) 1/2 and to which the super-thin fiber 
aggregate surface originates in super-thin textiles bending strictly, the above-mentioned cross- 
section area disregards this unevenness, and computes it as a flat surface. When it has the big 
unevenness formed of the surface treatment of the aggregate of super-thin textiles, etc. in 
addition to unevenness resulting from super-thin textiles bending, the above-mentioned cross- 
section area is computed as a flat surface which made the uneven part average. When sending 
the liquid toward a center depending on the shape of a container, for example from the 
peripheral part of a disk-like container, or when sending the liquid toward the top part from a 
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conic base part, the circle equivalent diameter of the cross-section area of a blood channel 
changes with places, but. D of ratio of length to diameter in this invention defines it as the circle 
equivalent diameter of the blood channel cross-section area of a blood inlet part. Since this 
invention has separated red corpuscles, and plasma and a blood serum as mentioned above using 
the difference of the migration length of red corpuscles, and plasma and a blood serum, if the 
distance from an entrance to an exit changes by the place of a filter, the place where plasma 
and a blood serum arrive at an exit will change within a filter, and separation efficiency will fall. 
For this reason, the same thing of blood channel length is desirable in all the portions of a filter. 
That is, although shape, such as pouring blood toward the top part from the bottom with the 
cone type which are a pillar and a square pillar type and pours blood from the end face to the 
opposite end face as shape of a filter and which pours blood toward a center from a disc-like 
peripheral part, is desirable, it does not restrict to in particular this. 

[0042]Next, the plasma and the blood serum obtained are separated from the blood which went 
into the filter first, and it is not directly related to the plasma and the blood serum which the 
blood included in a filter only works as a medium which extrudes front blood, and is obtained 
afterwards. That is, the quantity of the plasma and the blood serum obtained increases, so that 
the flow area of a filter entrance is large. For this reason, so that the shape of a filter may be a 
pillar and a square pillar type and it may pass from the end face to the opposite end face. The 
shape where it passes toward a center from a disc-like peripheral part besides when channel 
advance and the blood channel type of blood are constant, or blood channel types decrease in 
number according to channel advance of blood so that it may pass in the direction of a vertex 
from the bottom with a cone type can be considered. In the plasma and blood serum separation 
for clinical laboratory tests which is one important application place of this invention, it is 
desirable to lower the blood volume to be used and latter one of filter shape is desirable in this 
case. 

[0043]Although plasma removes only a corpuscle component from blood, in this invention, it shall 
not contain the corpuscle component substantially. That is, the plasma produced by centrifuging 
blood, for example cannot prevent thoroughly mixing of the fragment of a little red corpuscles, 
leucocytes, and blood platelets or a corpuscle, either. Not less than 99.9% of the corpuscles in 
the blood before separation should be removed as it is substantial. If a corpuscle of this level is 
removed, the influence of a corpuscle will not appear in the clinical laboratory test data of the 
obtained plasma. Although a part or all of the coagulation factor that contains fibrinogen from 
plasma should be removed, if fibrinogen in the obtained permeate liquid is quantified in this 
invention, this is detected and a blood serum will be below plasma and a detection limit, it will be 
defined as a blood serum. 

[0044]What is necessary is for the filter of this invention to connect and use plurality, to 
connect it in series, when the separability of a plasma constituent and a corpuscle improves, and 
just to connect it in parallel, when increasing the amount of treating solutions. It can combine 
with a sampling vessel and this filter can also be used as an integral type. In this case, a 
constant rate of blood samples are automatically flowed into the plasma skimming filter unit of 
this invention, and it becomes possible to apply to the automatic analyzer etc. which have a 
mechanism in which filters are exchanged automatically easily. 

[0045]In this invention, it is preferred that the difference of the electrolytic concentration in the 
separated plasma or a blood serum and the electrolytic concentration in the plasma produced by 
usual centrifuging or a blood serum is less than 10%, and if it is less than 5%, it is more desirable. 
If the difference of the electrolytic concentration in the plasma or the blood serum obtained by 
the usual centrifugal separation, the separated plasma, or a blood serum exceeds 10%, the 
reliability at the time of using for biochemistry diagnosis becomes low, and is not preferred. If it 
is not the level that will produce a problem as a matter of fact if both difference is less than 10%, 
in view of the accuracy of measurement of biochemical inspection but less than 5%, it will almost 
be satisfactory. Here with the plasma or the blood serum obtained by the usual centrifugal 
separation. The supernatant liquid produced by centrifuging after it adds a coagulation 
accelerator and blood coagulates is a blood serum, without the supernatant liquid produced by 
centrifuging after adding an anticoagulant into the blood obtained by blood collecting (usually for 
[ 1000 G or 10 minutes ] grade) being plasma, and adding an anticoagulant to blood. In todays 
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biochemistry diagnosis, in order to use an automatic analyzer in many cases and to prevent 
failure of the machinery by deposit of fibrin, as a sample, a blood serum is used in many cases. If 
glass fiber is used as a corpuscle separating material as the paragraph of conventional 
technology explained, electrolytic concentration differs from the sample obtained by centrifugal 
separation greatly for adsorption on elution of the glass component to the inside of a sample, 
and the glass fiber of a sample component, and that measurement on parenchyma cannot be 
performed poses a problem. 

[0046]the difference of the nature concentration of whole protein in the plasma at the time of 
the end of the first stage and separation separated with the filter in this invention or a blood 
serum, the plasma obtained by the usual centrifugal separation, or a blood serum is less than 10% 
— it is desirable, and it is more desirable if it is less than 5%. If the difference of the nature 
concentration of whole protein in plasma or a blood serum and the nature concentration of whole 
protein in the plasma obtained by the usual centrifugal separation or a blood serum exceeds 10%, 
it becomes impossible to change the presentation of plasma or serum protein sharply, and to use 
for diagnosis of condition of disease, and is not desirable. If the difference of the nature 
concentration of whole protein at the time of the early stages of separation and the end of 
separation exceeds 10%, a diagnosing value changes greatly with stages to extract a sample, and 
it is not desirable by the reason for the above. Usually, since there will be no big problem on a 
clinical diagnosis if it is less than 10% of difference, and it will be subsided in the error span of 
measurement if it is less than 5% of difference, it is desirable. 

[0047]In the plasma and the blood serum separation method using the filter of this invention, the 
processing speed (linear velocity) of blood is a 0.05-50-cm part grade for /. The separated 
plasma or the blood serum is spread in a corpuscle, separation becomes insufficient, and linear 
velocity is not preferred except that time for a constituent of blood to pass through the inside of 
super-thin textiles will become long and the time which plasma or blood serum separation takes 
will become long, if smaller than a part for 0.05-cm/. If linear velocity is larger than a part for 
50-cm/, pressure loss becomes large, it becomes difficult for red corpuscles to hemolyze, or for 
the time lag which the plasma or the blood serum to penetrate, and a corpuscle leak to become 
small, and to isolate plasma or a blood serum preparatively correctly, and it is not preferred. In 
this range, if processing speed (linear velocity) is enlarged, can shorten the difference of the 
movement speed of a corpuscle and plasma, and the time when plasma is obtained by becoming 
large and the separation efficiency of plasma becoming high, but a pressure loss is high, and 
since the danger of hemolysis also becomes large, 0.1-25-cm the range for /is more preferred, 
and especially the amount of 0.5-1 0-cm/is desirable. 

[0048]When sending the liquid toward the central part from a disc-like peripheral part, or in 
sending the liquid toward the direction of a vertex using the container of conical shape from the 
conic bottom, linear velocity changes with places. The linear velocity in such a case says 
average processing linear velocity after blood contacts super-thin textiles until it separates. 
[0049]The passage pressure loss (namely, pressure differential given between entrances by that 
of a filter) of the blood in the plasma and blood serum separation using the plasma and the blood 
serum separation filter of this invention, In order to be dependent on the shape of a filter, or the 

processing speed of blood, it is not decided uniquely, but 0.01-5 kg / cm 2 is preferred, 0.05-3 

kg / cm 2 is more preferred, and especially 0.1-1 kg / cm 2 are preferred. When pressure loss is 

smaller than 0.01 kg / cm 2 , Since load for blood to pass a super-thin fiber aggregate is small, 
when hydrophobicity uses a high material, for example, Before it cannot send blood in a super- 
thin fiber aggregate, or processing speed falls and plasma and a blood serum are obtained, time 
will be taken too much, and also the plasma and the blood serum in a super-thin fiber aggregate, 
and the movement speed of a corpuscle may not arise, separation of plasma and a blood serum 
may not be able to be performed, and it is not desirable. 

[0050]When pressure loss is larger than 5 kg / cm 2 , Since the liquid sending speed of blood is 
too early and the difference of the transmission time of plasma and a blood serum, and a 
corpuscle is short, Cannot isolate plasma and a blood serum preparatively correctly, or give a 
damage to a corpuscle component, hemolyze and it becomes impossible to extract the plasma 
and the blood serum for clinical laboratory tests, and damage may arise in a device or a filter and 
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it is not desirable. Although the time when the plasma volume which will be obtained if a pressure 
is enlarged increases at, and plasma and a blood serum are obtained can be shortened within the 
limits of this, Conversely, since the danger that hemolysis will occur also increases, as a range, 
0.05-3 kg / cm 2 is more preferred, and especially 0.1-1 kg / cm 2 are preferred. 
[0051]Membrane separation and the absorption phenomenon using the centrifugal separation 
which used the difference of the movement speed in the super-thin textiles of both ingredients, 
and used the conventional specific gravity difference, and the difference of size differ in the 
separation mechanism of the corpuscle component in this invention, and plasma and a serum 
component fundamentally. Since plasma and the serum component of the movement speed in 
super-thin textiles are earlier than a corpuscle component, plasma and a serum component will 
reach the permeate liquid side first and a corpuscle component will reach after that if blood is 
supplied to super-thin textiles and a pressure differential is produced, plasma and a blood serum 
can be obtained from blood by using this time lag. 

[0052]That is, although the quantity of the plasma obtained the more in this invention the more 
the difference of the movement speed of the plasma in super-thin textiles and a corpuscle is 
large increases, Since a corpuscle penetrates eventually to the permeate liquid side, a concept 
differs from membrane separation using the principle of sieving, and the leucocyte separation 
using the principle of adsorption fundamentally. Although gel chromatography, electrophoresis, 
etc. are theoretic comparatively well similar, The former uses the difference of the movable 
space in gel, and it differs in that it flows out early since what has a larger molecular weight has 
less movable space, The latter is in agreement in that the difference of the steric exclusion by 
the gel structure is used, and it differs in that a separation ingredient is moved according to 
Coulomb force by electrophoresis to this invention moving a separation ingredient with a 
pressure. 

[0053]Thus, unlike centrifugal separation or membrane separation, in this invention, it is fit for 
neither prolonged processing nor extensive processing, but dividing a little blood into plasma 
and/or a blood serum for a short time can call a clinical laboratory test etc. the separation 
method of the optimal plasma and/or a blood serum in the field demanded. Coating super-thin 
textiles with a polyvinyl pyrrolidone, or using the blood containing an anticoagulant is 
recommended to obtain plasma in this invention. Using the blood which is not coated with super- 
thin textiles by a polyvinyl pyrrolidone or into which an anticoagulant cannot be gone is 
recommended to obtain a blood serum. 
[0054] 

[Example]Although an example is given and this invention is explained concretely hereafter, this 
invention is not limited to these at all. 

[0055][Example 1] Plasma and a blood serum separation filter as shown in drawing 1 were 
created. Namely, have a hole 1.0 mm in diameter at the upper surface end of a container as an 
entrance, and it has a hole 1 .0 mm in diameter in the bottom center section as an exit. To 52.0 
mm in diameter inside a container, and the 2.0-mm-thick disk upper case made from an acrylic. 
1 6 things 50.0 mm in diameter cut circularly were laminated for the polyethylene terephthalate 

super-thin fiber nonwoven fabric (50g of eyes / m 3 ) with a mean fiber diameter of 1 .5 
micrometers obtained by the melt blowing method (1.6g), and it was established and filled up with 

a 1.0-mm crevice between the inner periphery surfaces of a container. A filling factor 0.41g / m 3 , 
and an average hydraulic radius 0.90 micrometer,Since the blood inlet part cross-section area of 

a container is 2mmx50 mmxpi =314 mm 2 , a circle equivalent diameter is 20 mm and blood 
channel length (equivalent to the distance from an entrance to an exit and the length of a 
corpuscle detached core) is 25 mm (half 50 mm in diameter), ratio of length to diameter is 25/20. 

[0056]In addition, hematocrit 45% of bovine blood liquid was sent from the peripheral part of the 

container by the pressure of 0.5 kg / cm 2 to the inside using the experimental device shown in 
drawing 1 with ACD solution as an anticoagulant. As for blood, it passed through the inside of 
supei — thin textiles horizontally to the supei — thin fiber nonwoven fabric side, and plasma has 
penetrated the inside of a container from the exit in 25 seconds. The penetration of plasma 
continues for 15 seconds and a corpuscle began to mix it into permeate liquid after that. Being 
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able to extract the plasma without mixing of a corpuscle for 25 seconds after application of 
pressure to 15 seconds, the total amount was 0.6mL The average processing linear velocity in 
the super-thin fiber aggregate for which it asked from the extraction plasma at this time is a part 
for 6-cm/. As for the hemoglobin concentration of the obtained plasma, hemolysis was not 
accepted by 3 or less mg/dL All also of the red corpuscles measured with blood plasma and a 
blood serum separation filter ball analyzer, leucocytes, and blood platelets were below the 
detection limit. Although the obtained plasma was isolated preparatively from the early stages of 
a penetration to every 100microL and the biochemical analysis value of the time of the end of a 
penetration and a total permeate liquid average was shown in Table 1 in early stages of the 
penetration, the plasma and the significant difference which were acquired by centrifuging the 
same blood altogether were not accepted. When a fixed quantity of fibrinogen in the obtained 
plasma was calculated with cellulose acetate electrophoresis, it was decreasing to about 50% of 
the concentration in the plasma obtained by centrifugal separation, but although it did not 
remove thoroughly, the deposit of fibrin was not accepted when it was neglected one whole day 
and night. 

[0057] [Example 2] The same filter as what was used in Example 1 was used. An anticoagulant 
was not added to this but hematocrit 47% immediately after blood collecting of the Homo sapiens 

blood was sent by the pressure of 0.5 kg / cm 2 using the same device as Example 1. As for 
blood, in the inside of a container, it passed through the inside of a super-thin fiber aggregate 
horizontally to the super-thin fiber aggregate lamination side, and permeate liquid was obtained 
from the exit 30 seconds afterward. A corpuscle began to mix permeate liquid after 50 seconds. 
Being able to extract the permeate liquid without mixing of a corpuscle for 30 seconds after 
application of pressure to 20 seconds, the total amount was 1.1 mL. The average processing 
linear velocity in the super-thin fiber aggregate for which it asked from the extraction permeate 
liquid at this time is a part for 5-cm/. As for the hemoglobin concentration of the obtained 
permeate liquid, hemolysis was not accepted by 3 or less mg/dL All also of the red corpuscles 
measured with the corpuscle analyzer, leucocytes, and blood platelets were below the detection 
limit. Although the biochemical analysis value of the permeate liquid obtained like Example 1 was 
shown in Table 1, the blood serum and significant difference which were altogether acquired by 
centrifuging after solidifying the same blood were not accepted. The fluid which fibrinogen was 
not detected in the obtained permeate liquid, but was obtained was not plasma but a blood 
serum. The fibrinogen concentration in the plasma produced from the identical person by 
centrifuging the blood which added heparin as an anticoagulant was 220 mg/dL. It is thought of 
because the size of red corpuscles is different with Homo sapiens and a cow that the difference 
was observed in the amount of permeate liquid currently extracted in spite of having conducted 
the same experiment except Example 1 and the used blood. Since the anticoagulant is not added, 
and it stuck to the filter, it is thought of that fibrinogen is removed thoroughly. 
[0058][Example 3] The polyethylene terephthalate super-thin fiber nonwoven fabric which had 
and was in Example 1 was immersed in K-polyvinyl-pyrrolidone 90 (BSAFKOLUDON90F) 
solution 0.1%, and gamma irradiation of 50KGy was performed for this with the WET state. Pure 
water washed the nonwoven fabric after gamma irradiation, the unreacted polyvinyl pyrrolidone 
was removed, and it dried. Thus, the module case was filled up with the polyethylene 
terephthalate super-thin fiber nonwoven fabric in which the polyvinyl pyrrolidone was fixed by 
the obtained surface like Example 1, and the same experiment as Example 2 was conducted. As 
for blood, in the inside of a container, it passed through the inside of super-thin textiles 
horizontally to the lamination side of a nonwoven fabric, and permeate liquid was obtained from 
the exit about 15 seconds afterward. A corpuscle began to mix permeate liquid after about 25 
seconds. Being able to extract the permeate liquid without mixing of a corpuscle for 15 seconds 
after application of pressure to 10 seconds, the total amount was 1.2mL. As for the hemoglobin 
concentration of the obtained permeate liquid, hemolysis was not accepted by 3 or less mg/dL. 
All also of the red corpuscles measured with the corpuscle analyzer, leucocytes, and blood 
platelets were below the detection limit. Although the biochemical analysis value of the obtained 
permeate liquid was shown in Table 1 , the blood serum and significant difference which were 
acquired by centrifuging after solidifying the same blood were not accepted in early stages of 
extraction at the time of the end of extraction. When a fixed quantity of fibrinogen in the 

http://ww4.ipdl.inpit.go.jp^^ 2010/01/07 



JP, 10-21 1277, A [DETAILED DESCRIPTION] 



12/16^—$/ 



obtained plasma was calculated with cellulose acetate electrophoresis, it was decreasing to 
about 20% of the concentration in the plasma obtained by centrifugal separation, but although it 
did not remove thoroughly, the deposit of fibrin was not accepted when it was neglected one 
whole day and night. By fixing a polyvinyl pyrrolidone, the compatibility with blood improved and 
time until the resistance at the time of the blood passage in a super-thin fiber aggregate 
decreases and permeate liquid is obtained was shortened. 

[0059][Comparative example 1] Glass fiber filter paper (average yarn diameter of 1.65 
micrometers) was cut in diameter of 50 mm, and it was laminated and filled up so that it might 
become the filter case used in Example 1 with 1.6 g of fill rations, and 0.41 g of filling factors / 
cm 3 . An average hydraulic radius is 1.81 micrometers (specific gravity 2.2 of glass fiber). Like 
Example 1, to this. ACD solution was added as an anticoagulant, and hematocrit 45% of bovine 
blood liquid was sent by the pressure of 0.5 kg / cm 3 to it. Blood passed through the inside of 
glass fiber toward the center section from the outside of glass fiber, and plasma has penetrated 
it from the exit in about 30 seconds. The penetration of plasma continues to the backward one 
for about 40 seconds, and a corpuscle began to mix it into permeate liquid after that. Being able 
to extract the plasma without mixing of a corpuscle for 30 seconds after application of pressure 
to 10 seconds, the total amount was 0.5mL. As for the hemoglobin concentration of the obtained 
plasma, hemolysis was not accepted by 3 or less mg/dL. All also of the red corpuscles measured 
with the corpuscle analyzer, leucocytes, and blood platelets were below the detection limit. 
Although the biochemical analysis value of the obtained plasma was shown in Table 1, among the 
plasma produced by centrifuging the same blood at the time of the end of the early stages of 
extraction, and extraction, as for the nature concentration of whole protein, the thing in early 
stages of extraction was [ / else ] intentionally low, and also the measured value of an 
electrolyte or lipid differed in centrifugal separation plasma and measured value. Protein, an 
electrolyte, and lipid stick to glass fiber, and also this is considered because electrolytic [ some ] 
is eluted in plasma from glass fiber. When a fixed quantity of fibrinogen in the obtained plasma 
was calculated with cellulose acetate electrophoresis, it was decreasing to about 30% of the 
concentration in the plasma obtained by centrifugal separation, but although it did not remove 
thoroughly, the deposit of fibrin was not accepted when it was neglected one whole day and 
night. 

[0060] [Comparative example 2] It was filled up with the polyethylene terephthalate nonwoven 
fabric 0.72g (0.50g of effective fill rations) used for the container (the diameter of 24 mm and 
effective diameter of 20 mm (2 mm of interference) as shown in drawing 2, and 4 mm in 

thickness) in Example 1 . Filling factors are 0.4g / cm 3 , and the average hydraulic radius at this 
time is 0.92 micrometer. ACD solution was added to this as an anticoagulant, and hematocrit 45% 

of bovine blood liquid was sent by the pressure of 0.5 kg / cm 3 . As a result, although permeate 
liquid was obtained from the exit at about 1 0 seconds, red corpuscles were contained in this 
permeate liquid from the first stage, and separation of plasma or a blood serum was not 
completed. This cause has the thickness of the filter which is the length of a corpuscle detached 
core as short as 4 mm, and is considered because separation of a corpuscle, plasma, or a blood 
serum was not fully performed. 

[0061][Comparative example 3] The same filter case as Example 1 was filled up with 2.4g of 
polyethylene terephthalate nonwoven fabrics with a yarn diameter of 4.0 micrometers. Filling 

factors are 0.6g / cm 3 , and the average hydraulic radius at this time is 1.30 micrometers. When 
blood was sent by the method same to this as Example 1, permeate liquid was obtained from the 
exit about 45 seconds afterward, but red corpuscles were contained in this permeate liquid from 
the first stage, and separation of plasma or a blood serum was not completed. This cause has a 
fiber diameter as large as 4.0 micrometers, therefore is small, and is considered because the 
movement speed difference of red corpuscles, plasma, or a blood serum did not arise. [ of a 
deformation degree in case red corpuscles pass through a textiles gap ] 
[0062] [Comparative example 4] The same filter case as Example 1 was filled up with 2.0g of 
polyethylene terephthalate nonwoven fabrics with a yarn diameter of 0.9 micrometer. The 
average hydraulic radius at this time was 0.40 micrometer. When blood was sent by the method 
same to this as Example 1, permeate liquid was obtained from the exit about 120 seconds 
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afterward. Although permeate liquid was obtained till about 300 seconds and mixing of the 
corpuscle was not observed in the meantime, permeate liquid was not obtained after that. 
Permeate liquid had started intense hemolysis from the early stage, in early stages of the 
penetration, in the time of 30 mg/dL and an end, the hemoglobin concentration in permeate liquid 
reached 1 20 mg/dL, and biochemical analysis was not able to be presented with it. This cause 
has an average hydraulic radius as small as 0.40 micrometer, and since red corpuscles were 
destroyed, hemoglobin was emitted and the corpuscle caused blinding further when passing 
through a textiles gap, time until permeate liquid is obtained becomes long, and is considered 
with having stopped penetrating further. 

[0063] [Comparative example 5] The same filter case as Example 1 was filled up with 0.48g of 
polyethylene terephthalate nonwoven fabrics with a yarn diameter of 1.5 micrometers. Filling 

factors are 0.1 2g / cm 3 , and the average hydraulic radius at this time is 3.94 micrometers. When 
blood was sent by the method same to this as Example 1 , permeate liquid was obtained from the 
exit about 15 seconds afterward, but red corpuscles were contained in this permeate liquid from 
the first stage, and separation of plasma or a blood serum was not completed. This cause has an 
average hydraulic radius as large as 3.93 micrometers, therefore is small, and is considered 
because the movement speed difference of red corpuscles, plasma, or a blood serum did not 
arise. [ of a deformation degree in case red corpuscles pass through a textiles gap ] 
[0064] [Comparative example 6] It was filled up with the polyethylene terephthalate nonwoven 
fabric 4.5g (3.1 g of effective fill rations) used for the container (the diameter of 24 mm and 
effective diameter of 20 mm (2 mm of interference) as shown in drawing 3, and 25 mm in 

thickness) in Example 1. Filling factors are 0.4g / cm 3 , and the average hydraulic radius at this 
time is 0.92 micrometer. The length of a corpuscle detached corejs 25 mm. 
ratio of length to diameter at this time is 25/20 like Example 1 . 

Although ACD solution was added to this as an anticoagulant and hematocrit 45% of bovine blood 

liquid was sent by the pressure of 0.5 kg / cm 2 , the circumference of a filter and the sealing 
nature between containers were bad, blood channeled the end, and separation of plasma or a 
blood serum was not completed. For this reason, it was filled up with adhesives between a 
nonwoven fabric and the container circumference, channeling was prevented, and blood was sent 
again. As a result channeling was not generated, but it passed perpendicularly to the lamination 
side of super-thin textiles, permeate liquid was obtained from the exit at about 120 seconds, and 
the blood was able to extract plasma for 30 seconds after that. Extraction plasma volume was 
0.3 ml. The average processing linear velocity in the super-thin fiber aggregate for which it asked 
from the extraction plasma at this time is a part for 1-cm/. Although the hemoglobin 
concentration in the obtained plasma is 1 2 mg/dL and some hemolysis was accepted, it was not 
a level which affects laboratory data. Although the biochemical analysis value of the obtained 
plasma was shown in Table 1 , the plasma and the significant difference which were acquired by 
centrifuging the same blood altogether were not accepted. Fibrinogen was decreasing in number 
to about 50% of the plasma obtained by centrifugal separation. In the comparative example 6, 
although plasma skimming was made, though it is the same ratio of length to diameter as 
Example 1, it is more than twice the used amount of nonwoven fabrics of this, and is also twice 
[ about ] the volume of a container of this. Even when this has a disc-like container of Example 
1 and the circle equivalent diameter of an inlet section is the same, it originates in the ability to 
make a bottle object product small. In order to prevent channeling like [ the seal of a nonwoven 
fabric and a container is possible and ] the comparative example 6, it is not necessary to fill up 
adhesives into the circumference with using a disc-like container. There was little plasma volume 
obtained in the comparative example 6 compared with Example 1 . this — the comparative 
example 6 — blood — many — since the nonwoven fabric of several sheets is passed and 
super-thin textiles are not continuing, unevenness partial to the migration length of blood arises, 
and it thinks because separation was not efficient. 
[0065] 
[Table 1] 
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[0069] 

[Effect of the Invention]This invention becomes possible [ a little blood can also obtain plasma 
and a blood serum with promptly high purity, and ], though assembly nature and operativity are 
also simple to perform plasma and blood serum separation with high safety so that clearly from 
the above composition and explanation. That is, if the plasma and the blood serum separation 
filter of this invention are used, and it will be possible ease and to remove a corpuscle 
component promptly and safely and it will lengthen in research of others including a clinical 
laboratory test etc., etc. from the test liquid containing a constituent of blood, it is possible to 
remove the bacteria and cell in bacteria or cell culture fluid. Thus, the effect of this invention is 
size. 



[Translation done.] 
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*«0. 6 0 g/cra 3 J:0**v^»^ ^^com^tt^o 

^co^jk^gr 9£< ft*5, ¥*&Si®J£o. l 5 
-0. 6 Og/cm 3 OttlfflJC^l^T, ¥*J»5&ffi£*£< 40 

+Z>o te*. *DXtti*(ftT-f-*0>"t\ »*l<i*o- i 

8-0. 5 0g/cm 5 -C*0, #{:»*L<liO. 25- 
0. 4 Og/cm 3 T-ibS. 

[0038] *&w<D7j/\s?-{z&&£tx%mmmm 

oT, illLJ*i:j4L»X(iifet»to»Kf4^|6l±*ix5. 50 
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[0 0 3 9] *«W<7>7^/^-tC3g*$lX-5«jf»«a« 

o***oiii«*»o*i8«(D) \z*t-r 

(L) <Dit(L/D) 11, 0. 15-6-C*6o #*L<te 
0. 2 5-4^19, 4$l£#$L<fi0. 5-2-C^) 
S 0 r^^L/Di^±8ecDt5ffflrtlw*)or{>, JhHt^HMI 
fil2 5mm«±&®-e&£ 0 

[0 0 4 0] Mttft&nmt&to) kit. iffiSS 

(*coWranffil^RffiSiffiS4r^9o L/D #0. 15* t>/b*i> 

^^^^^o^Sftarffioft?*^ izj* ? i: s fc afr 
[c, jfcJ«rt»fcjtl»«^»Pi^+»i:ft9»*L< 
L/D 7)5 6 J; #8&^f*iSj£5 

It*«SttTU #MW®tf1&TLXL£o<DXfr?£L< 
[0 04 1 ] R«SKftlt WiB«(A)^&. &5fcl£<fc 
D=2 (A/*) 1/2 

±2E«rffilfflli. i!b[ID»*:¥««iLfcTOfc 

[0 0 4 2] Mz'fthtiZ&im • ifcfflii, 
iRMlcAofcildffi^6»«iixSt<0-C*>0, tt^&7 

xm< tii-tx\ mt>tiz>in.m • ^mtitmmmvh^^. 
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wi, nffi^^jssp^^^^iwfSi^o-caEtfcD, r«i 

[0 0 4 3] iL»li. iftLjg^<bik^^^^Bftv^^t> 

v\> HHtofc^te, ^PS«f<OifcL^coilk^<D9 9. 9% 
tf. ^^K^ik«offi^S^-^jcjfii«^^iatL 

ifeffif^iiifiLSi^^^^^ii y^^r^tf 

TX$>titf&Lffikfe%tfZ. 

&M7 4/i>?—zi.~>y Mc*AU S Kitties 

[0 0 4 5] *3gWIC*5l>T. »fS^ttfcjfiL«X<ilfilf» 
lij&?S^com8mSffioll^ % l o%af*9T**>5r 

f»+0«»a««co||^l 0%*tt*.-5i:, 3Ht'#&m 

a^H*ttflw*&*T. n#«>«3ftsi o%Jttrtt?*>ix 
tbtitz&Lmx&tiLftiki*. &faxnhtiittiLmiztji®BL 

Stf£:8sAD Lfc»iS'MMi (iS» 1 000G, 10 #Piflfi 
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tto Tit 
[004 6] *»Wlc*3V*-C\ 

»ffi<o«EA«, l 0 
20 V\ 

[0 0 4 7] *|gi<07^;^- SrJfl^fcjMt • jfiLfS5> 
K*ft-Ctt, ihfficDfeai&ft tt, 0. 0 5-5 

0cm/»effiTfc^ o 4ft%A*s % 0. 0 5cm/^J:9/h 

IB u «: ibttxaiiL jhfiK>t> iciett u -r , 
l£fc9#*L<*t\» s»aa^, 5 0crn/#<fc 

<*ir*. w<o«50Bic*>i^TJL fe^iiffi mm) 

«*5jE»*«a5<Bjkoffl:l«ttb*ft<ftS^>-c» o. i 

-2 5 c m/»C0«B|S^J: L< , 0. 5-1 0cm 

[004 8] n&ik<oftj%m>h<p'bmzfafrr> 

iffi7!>^m/S*f6llCffi)^^oTi£?fl£-r5»^JC^, ttiJflwJ: 

mmmm k mm l r ^ & ^ * -eoipi$;«Ls«s * 

[0 0 4 9] *%W(OlfiLm • l£ilf»»PS7^/P^-^fflV^ 

0. 0 l-5kg/cn ; Wil<, 0. 0 5 
- 3 kg/cm 2 # J; 0 L < , 0 . 1-1 kg/cm' j»iW:fiF 
*Ll\ EE*«3fe^o. 0 lkg/cnf J: «? /h*V^»^(C 

50 famAmmmmm&t**Mi&+zfzft<n&mi>bz 
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[0050J JfcfjffifeiS 5 kg/cm* J: *) l^^te, jfo. 
a&sWfil^fcft. lfcjfc • ifiLfflf«riESfeJ-^«t^--55*f*>ttl5tS 
JMMEJHafcll • Jkffla^Jftfflfc^fcofcfK aes^ 

1 kg/cm 1 7>M$IC#* IA\ 

[005 1] *«WKfcNt5lfeJ$j£#i« • lhii!fJS# 
[0 0 5 2] *&mz3s\,^x\L ^Htfi+O 

i*i!i^^)!gfflf^ictt^j;<!)SfaL,Tv>-5^. AM-cty 
n t ©a ir^sft «rtB£m4^<e v ^fc < mm-r s 

®!p5*5^|S|/j;5„ 40 
[0053] CO J; 5 ic. *56WC<4jS.C.^^-«?|g^8ft 
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[0 0 5 4] 

k\ 

[0 0 5 5] C^ffe^l (c^i-i ^ fcifojft • jfcfft 

#811:7 -rA-*-£ffr£ Life* -r/j;t>*>, APtLT^if 
W-bHSSSlW-iHl 1 . Ommtf?:*, tBp£ L-aSffififegR 
t-^CS 1 - OmmCDTCfcirU ^IS^SU©^ 5 2 . On. 
m, /£$2. OmmCOT^ y^S8conSi±SgSSIC» 
yti-)£|cJ:i9^P>^5Pl!9««6ia:Ml. 5am»#!) 

m 1 ) $rig£fI5 0. OmmOHfl5JC«)»fUfct,<7?Sr 1 6tfcSf 
11 (1. 6g) , ^IfcDrt^SH^EirOOlC 1 . 0mm 

W*.¥&(*0. 9 0 urn. Sag«l6LiKAPgBB»ffi®{*2 
mmX 5 OramX jc = 3 1 4mm Xh'O, R*iSff®{i2 0 

mm, M.mmn&z (Ap^e>wpi-c<o8gi?t, iHi^hs 

gCOfiSlrtBS) {i2 5mm mm 5 0 mm«0i£#) -CifeS 
<0T?L/Dt±2 5/2 O-Cfo-5,, 
[00 5 6] SI l |£ji%i-gK«KKt:Jlir\ *t®®jSiJi: t 

^ffll^bl*lffi!l— » 0. 5Kg/cm (OEEftX&mi'-tZ* to. 

mjm*>&®m^. 2 5iPi&{cmaA^ia.mtmmLxts 

1t. ifaWrw^jSJii 5#MiBi#, •ero^Ji^^^lcifiL 
]*^a U*&*fc. ifiL^«o?lA«o/«c^ik«l(iAp/£m 2 5 
1 5 8>ra«£J&-t*t, ^<©ii^aid:0. 6mL-Cfco 

a fcVMli 3mg/dL WT-C^lilJiKft e>*t**»ofc. 

*fc, ifiiifiim • famfrM? j ^f-mftvti&x-M&Lti 

#e.afcJkffltSrSiS : &)WA»P> 1 0 0 k L feJC^IR S 
Sr^l^-Tjjs. ^TI^-<Oik^SriS.L^«tL-C#P,n 

cOffiffi<Oij!tj5 0%l;S'>Ut^t#, ^±lc^»ttTI4 
[00 5 7] f^JSW2] ^e>|l T-ffl^fct>Wi:I^D 

h^!),, h4 7%«t hikr«sr, mmmi km 
\±®&fr*mmmmik'&&wmm\ziti\^x*¥-iifaiz>® 

nhtlti* iSiaiffi«5 O^Ti^lfil^S^AU^fe/ic 
Jl^K)fmAK>^^S®fKliAPJE« 3 Of>A>ib 2 08»Rflfi5 
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&T-#, ImL-Cifeort:* Z<om<D&W& 

fcffifmiMre&<, ifofff-Cfcofco p|— A^b^<y io 

M&*¥<r>7 4*7 \) / —^>mmt2 2 Orag/dL T£>o 
3to Xttffli ^rfflv^ifiiJK^^ISJ-co^K^firofcfc: 

[oo5 8j mmmixhh^^tiTnv^ 
^T\s7*\s-Y&m\m&F®tt$:o. i%#yh^ 20 

/I't'o !/ K>-K-90(BSAF t±K0LLID0N90F)®i£KgSfU 
^itSrWET *fct£tf>££5 OKGy tf> y &J£at£trort: ft y 

fay K^SrlfcSU ««feLfco i<7)J:9i:Lr^f>n 
fco itiJ*orgAco/j:v^ia^fi^)/£^i 5»HlO# 

IWSfe-C^, ^O&fltttl. 2ml.-e*>ofc„ fte>*lfcS 

jK^fb^wcs^^ 1 izTjk-rAK vmrnm* &m&T 
m-<oikm^mmm^t^mLxnhritLitmtm 

2 0%[zm^LX^^ft/>K fE±\cf&frilXm*ti:froti 

[0 0 5 9] (lt«0»J l J #7 xffi*£$«*ft (¥tt*a 
1. 6 5 w m) £££f$ 5 Omnl^ttWr U S«SWl"C«^ 
tz7 4 — ^ — ^(^ifciSiifc I . 6g , »#^0. 41 
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1. 8 1^m-Cfc5 <#7*tft*tOtt:ffi2. 2). :tl 

\z % tnmte* wummt l-cacd jk**p^^ 

■r U y h 4 5%0^ifiifffi«r. 0. 5 Kg/an (DEEfyX 
SiaLT^fc. jfiL««>ailliM4 0»«*-CM«. 

ik!ft^DEE^3 o»^fe i otwiMik-c*, ^commn 

0. 5mL"C*>ofc 0 ^e>n/ill6L!«CD^^D^^affiii 
3mg/dL KTt?»j|lLttB«)&*L43j*ofc. lfa.J## 

i«c^t>od5fiJijcjt-<-c*rS(c<£^oyi:i5^\ teaming 

[0060] (tt««2) H2lC«-*-J:5fteS2 4im, 
^S»S2 0ntm (ffi^ft2mm) , &. * 4 raraCO^SSlC^W 

1 -OJflV^fcjtfy h^iga^iO. 7 2 

g(Wa3E«fi0. 5 0g)^ffllt MVliO. 4g/ 
cm J Xth*)^ Z<Z>t £<O¥.*%mfc¥W*0. 9 2/um-C 
*>5o wtv(cgt®H»J^ LTACD fE*r*oi:^-e Y*\)y 

YA 5%c0^ik^$r, 0. 5Kg/cro J <0/E^-CiS«5t/to 

[oo6i] (it«0»j3) nmmi tmm<r>7 j/i>*<- 

^«*«r2. 4g 3t«Lfc 0 ^ijS^JiO. eg/cm* "Cfc 
^O<b#c05pl^gi(j*^f£^l . 3 0nmX*>Z> 9 Z 

[0 0 6 2] (Jt«W4) mi&m 1 il3I«c07-r/U^- 
TISt^j^2. Ok »KLf: fl r <n£ % <r>W>)%mfc*®L\iL 
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o. 4 o/um-efcofco zHKmmmi tmm<o^mv 
tsum^mmLtct^^, mi 2 o&mmQfrbmmm 

-C3 0mg/dL . l&Tflf-Ctel 2 Omg/dL U 

dU*a< HISS 9<rfi:lfcfcft, 2SiHiR35S»fcn<5*-e 

[0 0 6 3] [Jfc«#j5] tHi©7-f^- 
>5r— 1 . 5 At m4)4?9 i/^f I — b 

^FflMfCrO. 4 8g 5fc#Lfco *JB*ttO. 1 2g/cra 3 

[0 0 6 4] (it«tW6) E3{C7F-rj:9^2 4mni, 
2 Oram mibft2vm) % 2 5 mmCO^S§{C^J£ 

0iJ 1 tffl I !) U >f 1/ 7 ^ h W 4 . 5 

g(f^«i3. lg)£fti£L*: 0 ««$liO. 4 g/cra 

<5* JhLmftmm<D&£lZ. 2 5mm-C£>*K 

£cOL/D HHJKOTl tmm2 5/2 OtM, 
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WO:. 0. 5Kg/cm 2 (DfcjjVigmLtcfi'K *7<i?\s*—<n 
©Sffilr^LTffi^rpJiCiiBiSL^l 2 0#JwBiP^b 

su&ifn&ftteo. 3mi-e#>o*: 0 counts© 

io 

cm/#-C&5o Wb^fcllllifft^co^^n f ^Sffifi 1 

^m^mx-n hh.it ikm<om s o %<c&'> t-c^o 

Jfc«M6-?f±, Ikllft^lim3t5^t>^^, 3fc*S#Jl£f§} 
CL/DT&^^ib. a»fflL/i:^*ia:li2»^±-C*> 
*) x «8Sco»iat>^2fflF-C$>6c w*U*. 3?i60t]l<D& 

So 

30 [006 5] 
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